INTRODUCTION
============

Renal cell carcinoma (RCC) is the most common solid lesion within the kidney and accounts for approximately 90% of all kidney malignancies \[[@B1]\]. Clear cell RCC is the most common histological type of RCC, representing 80% to 90% of the total \[[@B1][@B2]\]. RCC is widely known to be an aggressive cancer, and metastatic disease is found in 30% of diagnosed patients \[[@B3]\]. The survival rate for metastatic RCC (mRCC) ranges between 10% and 20% (2-year median survival) \[[@B4]\]. Because of this, many different treatments have been developed in an attempt to diminish the mortality rate.

In the early 2000s, two clinical trials showed better survival rates when cytoreductive nephrectomy (CRN) was performed prior to interferon α-2b (IFN-α) therapy compared to IFN-α therapy alone \[[@B5][@B6]\]. However, since 2005 multiple drugs have been developed and approved as the result of an improved understanding of the molecular mechanisms underlying the development and progression of RCC \[[@B7]\]. The mechanism of action of these drugs---tyrosine kinase inhibitors of vascular endothelial growth factor receptor---has led to their use being called targeted therapy (TT).

Currently, TT is recommended over immunotherapy because of its better outcomes \[[@B8][@B9][@B10][@B11][@B12]\]; however, the role of CRN in the era of TT has remained under debate. Although some well-designed retrospective studies are available, no synthesis of the available literature has been performed, and there will always be a tendency to select fitter patients for the "active" CRN arm in randomized trials \[[@B13]\]. Therefore, no recommendation in favor or against performing CRN has been established.

The purpose of this review was to determine the effectiveness and harm of CRN versus no intervention in patients with mRCC who underwent TT to improve overall survival.

MATERIALS AND METHODS
=====================

We performed this review according to the recommendations of the Cochrane Collaboration and following the PRISMA statement. The PROSPERO registration number is CRD42017058167. This systematic review and meta-analysis meets all the ethics requirements of the Helsinki declaration and all international statements.

1. Eligibility criteria
-----------------------

We accepted clinical trials, quasi-experiments, cohort studies, and case-control studies that involved adults (aged at least 18 years) with a diagnosis of mRCC who underwent TT. However, we found and included only cohort studies.

The comparison was CRN versus no intervention, and the expected outcomes were overall survival, quality of life, adverse effects, mortality, and progression-free survival. For all outcomes, studies were to include at least 6 months of follow-up. There were no setting or language restrictions. We excluded pregnant women.

2. Information sources
----------------------

The literature search was conducted in accordance with the recommendations of the Cochrane Collaboration. We used medical subject headings (MeSH; National Library of Medicine), Emtree language (Embase subject headings), DeCS Health Science Descriptors, and related text words.

We searched MEDLINE (Ovid), Embase, LILACS, HTA, DARE, NHS, and the Cochrane Central Register of Controlled Trials (CENTRAL) from inception to February 2017. To ensure literature saturation, we scanned references from relevant articles identified through the search, conferences, thesis databases, OpenGrey, Google Scholar, and clinicaltrials.gov, among others. We tried to contact authors by e-mail in case of missing information ([Supplementary material](#S1){ref-type="supplementary-material"}).

3. Data collection
------------------

First, two researchers reviewed each reference by title and abstract. Then we scanned the full text of relevant studies, applied prespecified inclusion and exclusion criteria, and extracted the data. Disagreements were resolved by consensus; where disagreement could not be solved, a third reviewer resolved the conflict.

Two trained reviewers using a standardized form independently extracted the following information from each article: author names, study design, geographic location, title, objectives, inclusion and exclusion criteria, number of patients included, losses to follow-up, timing, definitions of outcomes, outcomes and association measures, and funding source.

4. Risk of bias
---------------

The assessment of the risk of bias for each study was done by using a modified Cochrane Collaboration tool, which covers the following: selection of participants (selection bias), comparability between groups (selection bias), conflict of interest, confounding control, statistical methods, selective reporting (detection and information bias), assessment of the outcome, whether follow-up was long enough, and loss to follow-up. Two independent researchers judged the possible risk of bias from the extracted information, which was rated as "high risk," "low risk," or "unclear risk."

5. Data analysis and synthesis of results
-----------------------------------------

The statistical analysis was performed by using Stata 14 (StataCorp., College Station, TX, USA). For categorical outcomes we reported information on hazard ratio (HR) with 95% confidence intervals (CIs) according to the type of variable found. We pooled the information with a fixed effect meta-analysis according to the heterogeneity expected. The results were reported in forest plots of the estimated effects of the included studies with a 95% CI. Heterogeneity was evaluated by using the I^2^ test. For the interpretation, it was determined that the values of 25%, 50%, and 75% in the I^2^ test corresponded to low, medium, and high levels of heterogeneity, respectively.

There was no publication bias. We performed sensitivity analysis by extracting weighted studies and running the estimated effect to find differences. The only available information for a subgroup analysis was performance status.

RESULTS
=======

1. Study selection
------------------

We found 613 records with the search strategies. Two ongoing clinical trials were identified (NCT00930033 and NCT01099423); however, not enough data were yet available for analysis. Finally, seven studies were included in the qualitative analysis (eight publications) \[[@B14][@B15][@B16][@B17][@B18][@B19][@B20][@B21]\]; five of them \[[@B14][@B15][@B16][@B18][@B21]\] reported the HR for overall survival of CRN versus no intervention ([Fig. 1](#F1){ref-type="fig"}).

2. Included studies
-------------------

A total of 22,507 patients were included, with a median of 3,215 patients per study. Seven studies (eight publications) reported overall survival and one study reported toxicities related to tyrosine kinase inhibitors \[[@B14][@B15][@B16][@B17][@B18][@B19][@B20][@B21]\]. You et al. \[[@B15][@B16]\] reported two publications but of the same study. We found no studies assessing quality of life; therefore, we could not analyze this outcome. Additionally, You et al. \[[@B15]\] reported progression-free-survival. Four studies were excluded because patients had previously received immunotherapy \[[@B22][@B23][@B24][@B25]\] ([Table 1](#T1){ref-type="table"}).

3. Risk of bias
---------------

An evaluation of the risk of bias was performed with a proper scale (modified Cochrane Collaboration tool). Most studies had a low risk of bias for almost all items; however, four studies (five publications) had a high risk of bias for the comparability of groups (selection bias) \[[@B15][@B16][@B18][@B19][@B21]\] ([Table 2](#T2){ref-type="table"}); however, those studies performed a multivariate and adjusted analysis or a propensity score analysis.

4. Overall survival
-------------------

Most studies showed a higher survival rate for the CRN group ([Table 3](#T3){ref-type="table"}). The studies by Day et al. \[[@B14]\], You et al. \[[@B15]\], Choueiri et al. \[[@B17]\], , Heng et al. \[[@B18]\], and Tatsugami et al. \[[@B21]\], were included in the meta-analysis because they were the only studies that described the HRs for overall survival (CRN versus TT only). The overall result was an HR of 0.58 (95% CI, 0.50 to 0.65) ([Fig. 2](#F2){ref-type="fig"}) favoring CRN (I^2^=0%). There was no change in the effect size when we dropped the information from the study by Heng et al. \[[@B18]\], which was the most weighted study.

Regarding the subgroup analysis, we obtained information about the Karnofsky Performance Score (KPS). Two studies with a KPS of 80 or more were included \[[@B17][@B18]\], and the overall HR was 0.528 (95% CI, 0.447 to 0.609; I^2^=0%). Choueiri et al. \[[@B17]\] did not report differences when CRN was performed regarding the KPS \<80 group; nonetheless, we found a better survival rate when these data were pooled with data from the same group in the study by Heng et al. \[[@B18]\] (HR, 0.69; 95% CI, 0.547 to 0.834; I^2^= 0%).

5. Progression-free survival
----------------------------

You et al. \[[@B15]\] were the only investigators who reported this outcome, and they found no significant differences between groups (HR, 1.5; 95% CI, 0.7 to 3.5 for no CRN versus CRN).

6. Adverse effects
------------------

Patel et al. \[[@B20]\] found no significant differences in toxicities related to tyrosine kinase inhibitors (p=0.469) when CRN was performed. No other study reported adverse effects related to CRN.

7. Publication bias
-------------------

We did not find publication bias through use of the Begg\'s and Egger\'s statistics (p-values=0.806 and 0.315, respectively).

DISCUSSION
==========

TT is the recommended treatment for mRCC; accordingly, immunotherapy has been abandoned because TT is more effective for improving overall survival with fewer adverse effects. However, the current role of CRN in the era of TT has not been well established. By 2000, studies comparing CRN plus IFN with IFN alone showed that CRN could be beneficial for treating these patients; thus, the performance of CRN had its peak in 2004. However, when TT was introduced, the number of patients undergoing CRN began to decrease \[[@B19]\], probably because of the lack of knowledge and a generalized sense that the procedure was not useful. Despite this, the characteristics and demographics of people undergoing CRN remain the same \[[@B19][@B26]\]. As previously stated, the role of CRN in the immunotherapy era was well established; therefore, four studies were excluded because they combined immunotherapy and TT and a subgroup analysis of TT alone was not shown \[[@B22][@B23][@B24][@B25]\]. Nevertheless, we must note that those studies also reported better overall survival in the CRN group.

This is the first systematic review and meta-analysis performed on this topic. We found better overall survival when CRN was performed in patients undergoing TT. Although the study by You et al. \[[@B15][@B16]\] showed no statistical significance, the trend favored CRN. Regarding the pooled information, we strongly recommend performing CRN in patients with a KPS greater than or equal to 80; for patients with a KPS \<80 we suggest making the decision carefully, taking the clinical characteristics of the patient into account, although this is still a matter of question nowadays.

Performing CRN in patients with additional risk factors may be the most controversial topic. You et al. \[[@B16]\] showed that in patients with two or more risk factors (KPS \<80, hemoglobin less than the lower limit of normal, neutrophils greater than the upper limit of normal, and clinical N2 stage), overall survival was not modified by CRN. Furthermore, they identified nine variables that were associated with overall mortality and that could be assessed preoperatively: presentation (incidental or local systemic symptoms), KPS, hemoglobin, neutrophils, platelets (normal or greater), corrected calcium, albumin, clinical N stage, and number of metastatic sites. Culp \[[@B7]\] identified seven variables to distinguish between patients who benefit from this therapy and noted that with at least four criteria, there are no differences: serum albumin, LDH, T3 or T4, hepatic metastasis, metastatic-associated symptoms, and retroperitoneal and supradiaphragmatic lymph nodes. Perhaps, the question could be: When is the correct time to perform CRN in these patients?

In terms of harm, only one study \[[@B20]\] evaluated toxicities, and no differences between groups were found. Although evidence is still lacking, CRN is known as a relatively safe procedure, and it does not implicate an additional risk for patients with mRCC. The complications related to this procedure in these patients would be those associated with any other surgical procedure, for example, bleeding, death, lesions to nearby structures (e.g., bowel), fistulas, and not being able to perform the procedure, among others. Therefore, a higher incidence of adverse effects would be expected in the intervention group, contrary to what Patel et al. \[[@B20]\] described.

Another topic that remains unexplored is quality of life; although we wanted to analyze this factor, we did not find any related data. We suggest performing studies to determine whether any benefit exists on quality of life when performing CRN.

At the moment, two clinical trials are under way. The CARMENA study, an ongoing clinical trial (NCT00930033), will tell more about the role of CRN in the TT era. It is the first clinical trial trying to establish whether CRN plus TT has better results than TT alone; however, it is still in the recruitment phase. Additionally, the SURTIME study, another ongoing study (NCT01099423), will help us to establish the timing to perform CRN. It is the first clinical trial trying to establish whether immediate CRN is better than deferred CRN in the TT era; it has completed the recruitment phase but is not yet closed.

This is the first systematic review and meta-analysis regarding an important and interesting topic in urologic oncology. We carefully followed Cochrane and PRISMA recommendations to conduct the study and write the article. We tried to analyze information about quality of life; however, there was no available information, which limited our results.

We have noted that in all cohorts the groups showed statistically significant differences in some variables ([Table 1](#T1){ref-type="table"}). Nevertheless, the results were adjusted or fixed by these different variables to correct for these differences in the analysis and interpretation.

CONCLUSIONS
===========

CRN is effective for improving overall survival in patients with mRCC who undergo TT compared with no intervention. We could not make conclusions regarding quality of life because of a lack of studies including this variable. Thus, we suggest performing well-designed clinical trials about this interesting and important topic.
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Search strategies
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###### Characteristics of the included studies

![](icu-59-2-i001)

  Study                                                                 Country                                                                   Study design   n        Methods                                                                                                                                                                                                                                                        Follow-up (mo)   Differences between groups
  --------------------------------------------------------------------- ------------------------------------------------------------------------- -------------- -------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Choueiri et al. \[[@B17]\] (2011)                                     US-Canada                                                                 Cohort         314      mRCC any pathological subtype, treated with sunitinib, sorafenib or bevacizumab. 2004--2008. They made a subgroup analysis for KPS and TKI. 201 CRN and 113 TT/No intervention. Subgroup analysis by KPS and type of TT                                        16.3             Patients in the CRN group appeared to be younger than 60 years, have a better KPS, have received more sorafenib as their first VEGF targeted agent, had a longer time from diagnosis to therapy initiation, have less hypercalcemia, and have more sites of metastatic disease.
  Heng et al. \[[@B18]\] (2014)                                         US, Canada, Belgium, South Korea, Japan, Denmark, Greece, and Singapore   Cohort         1,658    20 international cancer centers retrospectively. mRCC diagnosis of any type and treatment with a VEGF or mTOR TT. They made a subgroup analysis for KPS. Subgroup analysis by KPS and type of TT. 982 with CRN and 676 TT only                                 39.1             Patients who underwent CRN had better IMDC prognostic profiles. Fewer CRN patients had non-clear cell pathology, bone metastases, and liver metastases, but CRN patients had more sarcomatoid features.
  Conti et al. \[[@B19]\] (2014)                                        US                                                                        Cohort         20,104   All cases of mRCC in the SEER database diagnosed from 1993 to 2010. Overall survival and mortality CRN versus TT alone                                                                                                                                         23               Patients who underwent CRN were younger, male, married, and with larger tumors. Fewer black patients and fewer patients with tumors \<4 cm received CRN in the targeted therapy era.
  Tatsugami et al. \[[@B21]\] (2015)                                    Japan                                                                     Cohort         108      A retrospective review of seven institutions identified 330 Japanese patients diagnosed with RCC and synchronous metastases (mRCC) between 2001 and 2010. CRN vs. TT/No intervention                                                                           NA               Patients who underwent CRN were younger, had better KPS, lower rates of increased LDH and liver and multiple metastases, had a lower MSKCC risk score, and higher rates of lung metastases only and systemic therapy after CRN.
  You et al. \[[@B16]\] (2015) (includes You et al. \[[@B15]\]; 2011)   South Korea                                                               Cohort         171      They reviewed records from 2006 to 2012. The eligibility criteria are exposed in You et al. 2011 \[[@B15]\]. 96 CRN plus TT and 75 TT/No intervention                                                                                                          14.7             Patients who underwent CRN were younger; had a higher rate of incidental presentation; longer time from diagnosis to treatment; bigger size of primary renal tumor; had more frequently normal levels of neutrophils, corrected calcium, and albumin; had sarcomatoid or rhabdoid differentiation more often; and fewer number of metastatic sites and less bone metastasis. Fewer had a non-clear cell pathology and inferior vena cava thrombus.
  Day et al. \[[@B14]\] (2016)                                          Australia                                                                 Cohort         91       mRCC 2006 to 2012 from four academic centers in Australia. Patients who had a nephrectomy prior to the diagnosis of metastatic disease were excluded. 46 CRN and 45 TT/no intervention. Subgroup analysis by MSKCC score                                       87               Patients who underwent CN were more likely to be younger, have clear cell histology and have received systemic therapy.
  Patel et al. \[[@B20]\] (2016)                                        US                                                                        Cohort         61       Sixty-one mRCC patients underwent TKI therapy with sunitinib between July 2007 to January 2014. Patients were divided into three groups: primary CRN prior to adjuvant TKI (n=27), CRN post neoadjuvant TKI (n=21), and primary TKI alone (no surgery, n=13)   NA               Mean tumor size (cm) was larger in no intervention group (12.8) than CRN post-TKI (8.9) and CRN pre-TKI (9.3), (p=0.014).

US, United States; mRCC, metastatic renal cell carcinoma; KPS, Karnofsky performance status; TKI, tyrosine kinase inhibitors; CRN, cytoreductive nephrectomy; TT, targeted therapy; VEGF, vascular endothelial growth factor; mTOR, mechanistic target of rapamycin; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; SEER, Surveillance Epidemiology and End Results; LDH, lactate dehydrogenase; NA, not available.

###### Risk of bias assessment

![](icu-59-2-i002)

  Study                                                       Selection of participants (selection bias)   Comparability between groups (selection bias)   Conflict of interest   Confounding control   Statistical methods   Selective reporting (information and detection bias)   Assessment of the outcome   Follow-up long enough   Lost to follow-up
  ----------------------------------------------------------- -------------------------------------------- ----------------------------------------------- ---------------------- --------------------- --------------------- ------------------------------------------------------ --------------------------- ----------------------- -------------------
  You et al. \[[@B16]\] (2015) (You et al. \[[@B15]\]; 2011   Low risk                                     High risk                                       Low risk               Low risk              Low risk              Low risk                                               Low risk                    Low risk                Low risk
  Choueiri et al. \[[@B17]\] (2011)                           Low risk                                     Low risk                                        Low risk               Low risk              Low risk              Low risk                                               Low risk                    Low risk                Low risk
  Heng et al. \[[@B18]\] (2014)                               Low risk                                     High risk                                       Low risk               Low risk              Low risk              Low risk                                               Low risk                    Low risk                Low risk
  Conti et al. \[[@B19]\] (2014)                              Low risk                                     High risk                                       Low risk               Low risk              Low risk              Low risk                                               Low risk                    Low risk                Low risk
  Tatsugami et al. \[[@B21]\] (2015)                          Unclear risk                                 High risk                                       Low risk               Low risk              Low risk              Low risk                                               Low risk                    Low risk                Low risk
  Day et al. \[[@B14]\] (2016)                                Low risk                                     Low risk                                        Low risk               Low risk              Low risk              Low risk                                               Low risk                    Low risk                Low risk
  Patel et al. \[[@B20]\] (2016)                              Unclear risk                                 Low risk                                        Low risk               Low risk              Low risk              Low risk                                               Low risk                    Low risk                Low risk

###### Results of the included studies

![](icu-59-2-i003)

  Study                                                                 Adjusted HR                                                                           OS                                                                                                                                                                                                                         Other
  --------------------------------------------------------------------- ------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------
  Choueiri et al. \[[@B17]\] (2011)                                     HR 0.68 (0.46--0.99); KPS ≥80, HR 0.51 (0.33--0.88); KPS \<80, HR 0.65 (0.40--1.05)   The median OS of patients with CRN versus TT only was 19.8 and 9.4 months, respectively; in the KPS ≥80 group was 23.9 and 14.5 months, respectively; in the KPS \<80 group was 10.1 and 6 months, respectively (p=0.08)   
  Heng et al. \[[@B18]\] (2014)                                         HR 0.60 (0.52--0.69); KPS ≥80, HR 0.53 (0.45--0.62); KPS \<80, HR 0.70 (0.56--0.88)   The median OS of patients with CRN versus TT only was 20.6 versus 9.5 months, respectively (p\<0.001)                                                                                                                      
  Conti et al. \[[@B19]\] (2014)                                                                                                                                                                                                                                                                                                                                                         The reduction of mortality hazard in patients treated with CRN versus TT only, was 20% (15%--24%) and 9% (5%--13%) respectively.
  Tatsugami et al. \[[@B21]\] (2015)                                    HR 0.48 (0.28--0.90)                                                                  The median OS of patients with CRN versus TT only was 30.9 and 15.5 months, respectively                                                                                                                                   
  You et al. \[[@B16]\] (2015) (includes You et al. \[[@B15]\]; 2011)                                                                                         The median OS of the entire cohort was 14.8 months; The median OS of patients with CRN versus TT only was 19.9 months (95% CI, 12.7--27.1 months) versus 1.7 months (95% CI, 8.8--14.6 months), respectively (p\<0.001)    
  Day et al. \[[@B14]\] (2016)                                          HR 0.39 (0.22--0.70)                                                                  The median OS of patients with CRN versus TT only was 23.0 and 10.9 months, respectively                                                                                                                                   
  Patel et al. \[[@B20]\] (2016)                                                                                                                                                                                                                                                                                                                                                         TKI-related toxicities occurred in 100% in the group of surgery before TKI, 90.5% in the surgery post-TKI and 88.9% in no-surgery group (p=0.469)

hazard ratio; OS, overall survival; KPS, Karnofsky performance status; CRN, cytoreductive nephrectomy; TT, targeted therapy; CI, confidence interval; TKI, tyrosine kinase inhibitors.
